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Analysis of TMDL Mercury Criterion Calculations for Cache Creek Fish and Water
Darell Slotton for Yolo County
4/3/05

Summary

At the request of Yolo County, the proposed TMDL document and associated Staff Report of the
Regional Water Quality Control Board (RWQCB) for mercury in Cache Creek were reviewed.
The focus of this section is the specific criterion concentrations presented for fish and water.
Review has concluded that the proposed fish criterion concentrations for the protection of human
and wildlife health are substantially more restrictive than the intent of the EPA National
Criterion for mercury.  It was also concluded that associated proposed target concentrations for
methylmercury in water are approximately five-fold more restrictive than those corresponding to
fish mercury levels protective of human and wildlife health for Cache Creek.

The human health considerations, as presented in the TMDL, assume that people catch and
consume only the very most contaminated fish—large individuals of the top predator species
such as bass.  The National Criterion, however, assumes that people catch and consume a variety
of fish sizes and types, with the 0.30 ppm criterion representing the average mercury
concentration.  The proposed TMDL presents levels of 0.15 ppm for trophic level 3 fish (TL3)
and 0.30 ppm for trophic level 4 fish (TL4) as corresponding to the National Criterion for the
Protection of Human Health (Alternative 3).  In contrast, when Cache Creek fish are considered
in a way consistent with the National Criterion, protective concentrations in TL3 fish are
calculated to range from 0.21-0.25 ppm and in TL4 fish from 0.39-0.48 ppm.  For people who do
not additionally consume commercial fish, the protective levels are 33% higher.

The recommended Alternative 2 (0.12 ppm TL3 and 0.23 ppm TL4), is more restrictive than
Alternative 3 and is based on wildlife considerations, particularly the two federally listed
threatened species known to be present in the watershed during some parts of the year, bald
eagles and peregrine falcons.  Problems were found in the calculations of protective mercury
levels in the prey of these species.  When these were adjusted, based on existing data, protective
fish mercury concentrations in the creek were found to be similar to those recalculated for
protection of human health, approximately double the proposed fish criterion concentrations.

The target concentration for methylmercury in water was based on corresponding fish mercury
levels.  When a direct comparison was made, based on extensive existing data, the water
concentration of methylmercury in Cache Creek corresponding to acceptable fish mercury levels
was found to be approximately five-fold higher than the proposed target concentration.

As the proposed new mercury criterion concentrations for Cache Creek will be the primary basis
for regulatory and management actions, these discrepancies could be important in re-assessing
the magnitude and, particularly, the focus of mercury regulation and management in the creek.

Below, the math and derivations behind the human health criteria, wildlife health criteria , and
linkage to water methylmercury concentrations are examined in detail.
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National Criterion calculations relating to Alternative 3 (Human Health):

In the discussions of Alternative 3, the National Criterion of 0.30 ppm is presented in a
substantially more restrictive interpretation than presented by the US EPA.  The EPA criterion
assumes a mixture of species and trophic levels in the average fisherman’s catch.  The 0.30 ppm
protective concentration level is defined by the EPA as being the average mercury concentration
among all of the trophic levels contained in a typical mixed-bag catch.  EPA provides trophic
breakdown proportions for a standard angler’s catch consumption, based on national averages
from extensive censusing.  This default, census-based, national average is composed of
approximately 21% trophic level 2 fish (TL2), 46% trophic level 3 fish (TL3), and 33%  trophic
level 4 fish (TL4).  EPA also encourages the determination of a  locally-based estimate of a
typical angler’s catch trophic breakdown.   As the Criterion concentration, whether using the
national default or locally derived catch proportions, is based on an average across the typical
trophic levels consumed, it assumes concentrations less than 0.30 ppm in the lower trophic levels
and concentrations greater than 0.30 ppm in the TL4 fish.  A Cache Creek criterion of 0.30 ppm
for the top predator (most contaminated) fish, as presented, would be considerably more
restrictive than the National Criterion, which assumes an average concentration of 0.30 ppm
among the mixed trophic levels present in a typical catch.

The Board indicates that there are no trophic level 2 fish in the watershed for people to
potentially eat and, therefore, the calculations corresponding to the National Criterion should
omit this component which accounts for 21.7% of the typical angler diet nationwide.  It is
unclear if this is the case and this should be re-examined.  We have seen people specifically
target carp.  It is also important to note, for the wildlife section, that if there are assumed to be no
large TL2 fish in this watershed, there should be few or no small TL2 fish either, and it would be
unrealistic to base the wildlife exposure calculations specifically on small TL2 fish as was done.

The Board’s presentation of the National Criterion for Human Health (0.30 ppm, average
concentration among a typical mixed catch for people who also consume 12.5 g/day commercial
fish) does not include calculations of corresponding mercury concentrations in specific fish
types.  The National Criterion for the Protection of Human Health should be an important
benchmark option under consideration; calculations of this level should be carefully examined.

The National Criterion is based on these national averages:

• The standardized angling-related diet is defined as the consumption rate of angling catch by
the 90th percentile of people, which national censusing found to be 17.5 g/day.

• The typical angling-related catch consumption is composed of different trophic level fish in
the following proportions: 21% TL2 fish, 46% TL3 fish, and 33% TL4 fish.

• The average consumer is estimated to additionally consume 12.5 g/day of commercial fish,
which also contains some methylmercury.
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• 0.30 ppm (the Criterion level) = the safe average Hg concentration of angling catch, for
people that additionally consume the national average 12.5 g/day of commercial fish.

• 0.40 ppm = the equivalent Criterion safe average Hg concentration of angling catch, for
people that obtain all of their methylmercury from locally caught fish.

Here is the basic National Criterion equation:
0.30 = (21% x TL2conc) + (46% x TL3conc) + (33% x TL4conc)

This equation can be used to determine the acceptable Hg concentrations corresponding to the
National Criterion for each fish trophic level.  The Board proposes to implement the TMDL
based on concentrations in, particularly, adult TL3 and TL4 fish, so calculations of Criterion-
equivalent concentrations for these groups are critical.

There are three unknowns in this equation: TL2conc, TL3conc, and TL4conc.
To solve this type of algebra equation, it is necessary to convert the different unknowns into
terms of one single unknown.  To do this, we need estimates of the ratios of typical Hg
concentrations in angling-size fish of the different trophic levels.  This is exactly the approach
the Board uses in the presentation of wildlife criteria.  The ratio used by the Board for angling-
relevant TL4 fish to TL3 fish is 1.9, based on data collected throughout the Delta region.  This
ratio means that, on average, the mercury concentrations of TL4 fish at a given site are
approximately 1.9x greater than the concentrations in same-site TL3 fish.  No ratio was available
for regional TL3 fish to TL2 fish of angling size, so a  similar ratio will be used (also 1.9),
meaning that, on average, TL4 fish contain 1.9x greater mercury concentrations than TL3 fish,
which contain 1.9x greater levels than TL2 fish.  The unknowns can now all be put in terms of
TL2 as follows:
TL2 = TL2
TL3 = TL2 x 1.9
TL4 = TL2 x 1.9 x 1.9 = TL2 x 3.61

Putting these replacements into the original equation gives this solvable equation:

0.30 ppm = (21% x TL2conc) + (46% x TL2conc x 1.9) + (33% x TL2conc x 3.61)

which simplifies to:
0.30 ppm = TL2conc x [(0.21) + (0.46 x 1.9) + (0.33 x 3.61)]

which simplifies to:
0.30 ppm = TL2conc x [(0.21) + (0.87) + (1.19)]

which simplifies to:
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0.30 ppm = TL2conc x 2.27

Rearranged:
TL2conc = 0.30 ppm / 2.27

which simplifies to:
TL2conc = 0.132 ppm

This corresponds to the following criterion-equivalent concentrations:
TL2conc = 0.132 ppm
TL3conc = 0.132 x 1.9 = 0.251
TL4conc = 0.132 x 1.9 x 1.9 = 0.477

Reduced to 2 significant figures:
TL2conc = 0.13 ppm
TL3conc = 0.25 ppm
TL4conc = 0.48 ppm

In other words, using the 0.30 ppm mixed-catch National Criterion, together with the national
default trophic catch proportions and inter-trophic ratios of 1.9 for co-occurring large fish,
these above concentrations would correspond to the National Criterion for the Protection of
Human Health for Cache Creek angling-sized fish.  A standard mixed-catch with these
concentrations would have a mean concentration of 0.30 ppm, protective of human health.
These standards (0.25 ppm for TL3 fish and 0.48 ppm for TL4 fish) would be far more attainable
than either the 0.12 and 0.23 ppm target levels proposed (Alternative 2) or the 0.15 and 0.30
ppm levels presented as corresponding to the National Criterion (Alternative 3).

For people who do not additionally consume commercial fish, these concentrations would be
protective:
TL2conc = 0.18 ppm
TL3conc = 0.33 ppm
TL4conc = 0.64 ppm

The Board assumes that no TL2 fish are consumed in the Cache Creek watershed and discusses
scenarios for these alternate proportions in the typical angler’s catch:
100% TL4 fish
50% TL3 fish and 50% TL4 fish
(both with and without additional consumption of commercial fish)

This is in contrast with the national census data which found 33% of the typical angling diet to
come from TL4 fish and 67% to come from TL2 and TL3 fish.
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The National Criterion concentrations corresponding to the Board scenarios are:

If 100% TL4 fish, plus 12.5 g/day commercial fish:
TL4conc = 0.30 ppm
(This is the basis for the Board’s presentation of Alternative 3)

If 100% TL4 fish, without commercial fish:
TL4conc = 0.40 ppm

If 50% TL3 fish, 50% TL4 fish, plus 12.5 g/day commercial fish:
0.30 ppm = (0.5 x TL3conc) + (0.5 x TL3conc x 1.9)
0.30 ppm = TL3conc x [(0.5 + (0.5 x 1.9)]
0.30 ppm = TL3conc x [(0.5 + (0.5 x 1.9)]
0.30 ppm = TL3conc x 1.45
TL3conc = 0.21 ppm
TL4conc = 0.21 x 1.9 = 0.39 ppm

If 50% TL3 fish and 50% TL4 fish, without commercial fish:
0.40 ppm = (0.5 x TL3conc) + (0.5 x TL3conc x 1.9)
0.40 ppm = TL3conc x [(0.5 + (0.5 x 1.9)]
0.40 ppm = TL3conc x [(0.5 + (0.5 x 1.9)]
0.40 ppm = TL3conc x 1.45
TL3conc = 0.28 ppm
TL4conc = 0.28 x 1.9 = 0.52 ppm

Table 1, below, summarizes the range of concentrations that correspond to the National Criterion
for the Protection of Human Health, depending on the percentages used to estimate the
proportions of different trophic levels in a typical catch, with and without additional commercial
fish, and as compared to the Board Alternatives and the revised Wildlife Criteria from the
following section.



ANALYSIS OF CACHE MERCURY TMDL CRITERIA CALCULATIONS D.G. SLOTTON

6

Table 1. Mercury concentrations (ppm = mg/kg = µg/g) in trophic level 3 (TL3) and trophic
level 4 (TL4) fish, corresponding to the National Criterion for the Protection of
Human Health, using different estimates of relative proportions of each trophic level
in standard angling consumption.  Board Alternative Criteria 2 and 3 and revised
Wildlife Criteria from the next section are included for comparison.

Criterion and Catch Proportion Assumptions TL3 Fish TL4 Fish

National Criterion, using national averages: 0.33 0.64
21% TL2 fish, 46% TL3 fish, 33% TL4 fish,
without additional commercial fish

National  Criterion, using national averages: 0.25 0.48
21% TL2 fish, 46% TL3 fish, 33% TL4 fish,
including 12.5 g/day commercial fish

National  Criterion, 50% TL3 fish, 50% TL4 fish, 0.28 0.52
without additional commercial fish

National  Criterion, 50% TL3 fish, 50% TL4 fish, 0.21 0.39
including 12.5 g/day commercial fish

National  Criterion, 100% TL4 fish, 0.40
without additional commercial fish

National  Criterion, 100% TL4 fish, 0.30
including 12.5 g/day commercial fish

Board Alternative 3 (presented as the National Criterion) 0.15 0.30

Board Alternative 2 (presented as eagle-protective) 0.12 0.23

Revised Wildlife Criteria, protective of federally listed 0.19 0.45
bald eagles and peregrine falcons (next section)
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Wildlife Protective Calculations:

As with the human-protective calculations, the wildlife equations work backward from a
literature-derived safe dietary mercury concentration for each species.  These concentrations are
functions of (1) published safe reference doses (RfD) in units of  micrograms of dietary mercury
per kg animal body weight, (2) typical body weight of animal, and (3) total food ingestion rate
(grams per day).  The RfD is multiplied by the body weight to calculate the total micrograms of
methylmercury that can safely be consumed per day.  This is then divided by the average grams
of food consumed per day to obtain a safe average mercury concentration for the animal’s food.
These data are presented in Table 2.2 of the Cache TMDL.  They appear to be realistic numbers
based on the best available data.

In the next step, the calculated safe whole-diet mercury concentration is partitioned into the
various diet items of the animal, as was done in the human-protective calculations.  Each diet
item is weighted by (1) its percent mass in the total diet and (2) a mercury concentration ratio
between the item and one of the other items, used to solve the resulting algebra equation.  As
seen for the human-protective calculations, the ultimate results can vary substantially, depending
on the ratios used.

Bald eagles are the focus of the Board Staff Report’s considerations of a more restrictive
wildlife-protective criterion in place of a human-protective criterion for mercury.  The rationale
for this is their federally listed threatened status, combined with their largely aquatic diet and
significant seasonal presence in the upper watershed.

This is the equation that was used to partition the predicted food items of Cache Creek bald
eagles by weight proportion in the diet:

0.195 mg/kg (the safe whole diet Hg concentration) = (0.58 x TL3conc) +
(0.13 x TL4conc) +
(0.13 x OBconc)  +
(0.05 x PBconc)

This corresponds to a diet of 58% TL3 fish, 13% TL4 fish, 13% omnivorous birds, and 5%
piscivorous birds.  An additional 11% of the diet is estimated to be from animals with
insignificant mercury levels (such as squirrels).

These percentages are estimates based on other regions and may not represent the actual diet
proportions of bald eagles that forage in the Cache Creek canyon.  In a bald eagle dietary study
conducted in other parts of Northern California, the following ratios were reported for mercury-
relevant eagle diet items:

(0.632 x TL3 fish)
(0.078 x TL4 fish)
(0.077 x Piscivorous Birds)
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It is not clear that TL4 fish, piscivorous birds, or omnivorous birds are significant food items for
bald eagles that forage in the Cache canyon.  Observations of that population indicate that their
primary targets are adult Sacramento suckers and carp.

Returning to the equation:
0.195 mg/kg (the safe whole diet Hg concentration) = (0.58 x TL3conc) +

(0.13 x TL4conc) +
(0.13 x OBconc)  +
(0.05 x PBconc)

In order to solve the algebra problem with 4 food items and 4 variables, it is necessary to use
multipliers to convert the different variables into terms of just one variable.  These multipliers
represent the predicted ratio of mercury concentrations between trophic categories.  The Board
used the following multipliers in the bald eagle calculations:

0.195 mg/kg (the safe whole diet Hg concentration) = (0.58 x TL2conc x   5.7)    (TL3 fish)
(0.13 x TL2conc x 11.4) (TL4 fish)
(0.13 x TL2conc x 10.0) (Omn. Birds)
(0.05 x TL2conc x 71.25) (Pisc. Birds)

Reducing:
0.195 mg/kg (the safe whole diet Hg concentration) = (TL2conc x 3.31)    (TL3 fish)

(TL2conc x 1.48) (TL4 fish)
(TL2conc x 1.30) (Omn. Birds)
(TL2conc x 3.56) (Pisc. Birds)

Reducing:
0.195 mg/kg (the safe whole diet Hg concentration) = (TL2conc x 9.65)    (All 4 items)
0.195 / 9.65 = TL2conc
TL2conc = 0.020 mg/kg or ppm

This calculated TL2conc result is then used to predict corresponding safe concentrations in the
bald eagle diet items, again using the inter-trophic mercury multipliers:
TL3conc = 0.020 x   5.7  = 0.12 ppm
TL4conc = 0.020 x 11.4  = 0.23 ppm
OBconc = 0.020 x 10.0  = 0.20 ppm
PBconc = 0.020 x 71.25 = 1.45 ppm

These calculated concentrations are the basis for the proposed Alternative 2 criteria.  It can be
seen from the above equations that the two multipliers assigned to each eagle food item (the
estimated weight percentage in the diet and the inter-trophic mercury multiplier) directly
influence the calculated results.  Some of these multipliers appear to be incorrect.

First, there may be problems associated with the estimated weight percentages assigned to the
various potential food items in the Cache bald eagle diet.  In the above equations, this diet mix
assigns 18.3%, by weight, of the eagle fish consumption to TL4 fish (vs 11% in the Northern
California eagle study).  From the above equations, the percentages of total daily eagle dietary
methylmercury corresponding to each food type are:
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TL3 fish: 3.31 / 9.65 = 34.3%
TL4 fish: 1.48 / 9.65 = 15.3%

Omnivorous birds: 1.30 / 9.65 = 13.5%
Piscivorous birds: 3.56 / 9.65 = 36.9%   

This means that the Alternative 2 criterion concentrations are based on Cache Creek bald eagles
obtaining 31% of their fish-based methylmercury from TL4 fish [(15.3% / (34.3% + 15.3%)] and
50.4% of their overall methylmercury from consumption of omnivorous and piscivorous birds.
It is not clear that these food items are significant in the diet of the Cache canyon seasonal eagle
population.  As noted above, the primary targets of these birds appear to be adult Sacramento
suckers and carp.

The most serious problems, however, relate to the inter-trophic multipliers.

The wildlife calculations place all of the food variables into terms of small TL2 fish.  In the
human health sections, the Board indicates that there are no TL2 fish in the watershed.  The Staff
Report also notes that small TL2 fish are not part of the bald eagle diet.  Using predicted
concentrations of methylmercury in small TL2 fish as the basis for calculations adds a large
degree of uncertainty.  The calculations use a multiplier of 5.7x the predicted small TL2 fish
concentrations to estimate the corresponding concentrations of methylmercury in large TL3 fish.
A further multiplier of  2.0x is used to estimate the corresponding methylmercury concentrations
in large TL4 fish, slightly greater than the 1.9x multiplier used in the human-protective
calculations.

The omnivorous and piscivorous bird multipliers (10x and 71.25x the predicted small TL2 fish
mercury concentrations, respectively) are particularly questionable.  The omnivorous bird
category was added in the most recent draft of the TMDL.  As stated in the reports, “the
omnivorous birds of concern in the bald eagle diet feed on trophic level 2 aquatic prey (mostly
invertebrates).”  This recognizes that, in addition to fish-eating birds like mergansers and grebes,
waterfowl that dabble for small invertebrates can provide another, more minor source of dietary
methylmercury to eagles if part of their diet.  The omnivorous bird trophic mercury multiplier is
presented as the ratio between the omnivorous birds and “small TL2/3 prey fish and other
aquatic organisms.”  As this ratio is presented as a food chain multiplier (FCM), intended to
represent the Hg concentration ratio between consumer and prey, it should actually be estimated
in relation to the mixed plant material and small invertebrates that make up the typical diet of
these birds.  The typical duck or coot diet should be considerably lower in methylmercury than
co-occurring small TL2/3 fish.  Additionally, a 10x FCM between consumer and prey is
unusually large and should be re-examined.  Ratios in the range of 5x are more typical; thus
omnivorous bird methylmercury should be expected to be approximately 5x the average
methylmercury concentration in their mixed plant and invertebrate diet.

For the potential piscivorous bird portion of the eagle diet, an FCM of 12.5 is applied between
these mergansers, grebes, etc. and their presumed small TL3 fish prey.  Again, this is an
unusually large FCM between consumer and prey and should be carefully re-examined.  In
addition to the very large 12.5x FCM multiplier, the piscivorous bird component is multiplied by
an additional 5.7x factor, leading to a total multiplier of 71.25x.  The second multiplier (5.7x) is
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presented as the ratio between methylmercury concentrations in large TL3 fish and small TL2
fish.  But the first multiplier (12.5x) is in relation to small TL3 fish.  A ratio of 5.7 may greatly
overestimate the relation between small TL3 fish and small TL2 fish.

All of these ratios are based on the assumption of an equilibrium relationship between consumer
and prey.  This is likely the case for some local herons and kingfishers which are year-long
residents, but not for waterfowl, which are almost entirely seasonal winter migrants in the Cache
watershed.  Over 15 years of waterfowl censusing in the Davis Creek portion of the watershed,
near where the eagles winter, found the great majority of the waterfowl to reside there for only 1-
3 months per year, typically within the period between November and March.  Bird observations
over numerous kayak trips through the Cache canyon in all seasons are consistent with this.
These birds’ methylmercury concentrations are determined by their diet across their life spans,
almost certainly dominated by prey taken in locales considerably less Hg-impacted than Cache
Creek.  Applying 10x and 71.25x multipliers in relation to Cache Creek small TL2 fish (which
themselves are not believed to be present in the watershed) appears to be inappropriate.

A suggested alternative approach would be to base the trophic mercury ratios on potential diet
items that are known to be prevalent in the watershed, important in the eagle diet, and likely to
be used in criterion monitoring.  UC Davis collected a fairly extensive data set of time-linked
samples of the primary predatory aquatic insects, small fish, large TL3 fish, and large TL4 fish
present at sites throughout the watershed. This included a variety of small TL2/3 fish species that
exhibited similar mercury levels, large Sacramento suckers (representing TL3), and the primary
large TL4 fish of each site: smallmouth bass, largemouth bass, or Sacramento pikeminnow.
Relationships between these groups were determined by comparing the adult fish concentrations
directly and by comparing them, in turn, to the small fish by averaging the temporally variable
small fish concentrations across the annual cycle at each site.  In this way it was possible to
derive correlations between these fish (and invertebrate) trophic levels specific to the watershed.
The reduced data were presented in Table 6 of the UC Davis report; corresponding inter-trophic
ratios are presented below in Table 2.
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Table 2. Mercury concentration ratios between time-linked samples of fish taken in the
Cache Creek watershed by UC Davis.  Based on data sets including over 200
individual adult fish samples and several hundred multi-individual small fish
samples.

Cache Watershed Sites Adult Sucker / Adult TL4 Fish / Adult TL4 Fish /
Sm TL2/3 Fish Adult Sucker Sm TL2/3 Fish

Ratio Ratio Ratio

North Fork Cache Creek 1.23 2.77 3.41
Cache Creek below Clear Lake 3.44 1.56 5.38
Cache Creek at Rumsey 2.54 2.83 7.20
Cache Creek below Yolo 2.12 (no TL4 sample)

Cache Creek below Hwy 505 1.82 2.62 4.77
Upper Bear Creek 2.57 2.37 6.09
Mid Bear Creek 3.00 1.85 5.55

                                                                                                                 

Mean Ratios: 2.39 2.34 5.40

In the case of the bald eagles, which are the greatest focus of the wildlife criterion
considerations, it is suggested that the trophic equation be solved for the variable that is most
representative of their local diet, adult Sacramento suckers (nominally TL3).  Suggested
replacement inter-trophic mercury concentration multipliers are:

TL3 fish concentration = TL3conc

TL4 fish concentration = TL3conc x 2.34 (from Table 2 above)

Omnivorous bird concentration = TL3conc x 0.5
Rationale: the diet of these birds, when they are present in the watershed, is estimated to be
similar to that of the large suckers, which would lead to a multiplier of 1.0.  Their typical short
residence time in the Cache watershed is accounted for by reducing the multiplier by 1/2.

Piscivorous bird concentration = TL3conc x 1.17
Rationale: the diet of these birds, when they are present in the watershed, is estimated to be
similar to the diets of large TL4 fish, which would lead to a multiplier of 2.34.  Their typical
short residence time in the Cache watershed is accounted for by reducing the multiplier by 1/2.
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Returning to the bald eagle equation:
0.195 mg/kg (the safe whole diet Hg concentration) = (0.58 x TL3conc) + (TL3 fish)

(0.13 x TL4conc) + (TL4 fish)
(0.13 x OBconc)  + (Omn. birds)
(0.05 x PBconc) (Pisc. birds)

Converting all to terms of TL3conc:
0.195 mg/kg (the safe whole diet Hg concentration) = (0.58 x TL3conc) (TL3 fish)

(0.13 x 2.34 x TL3conc) (TL4 fish)
(0.13 x 0.50 x TL3conc) (Omn. birds)
(0.05 x 1.17 x TL3conc) (Pisc. birds)

Reducing:
0.195 mg/kg (the safe whole diet Hg concentration) = (0.58 x TL3conc) + (TL3 fish)

(0.30 x TL3conc) + (TL4 fish)
(0.07 x TL3conc) + (Omn. birds)
(0.06 x TL3conc) (Pisc. birds)

Reducing:
0.195 mg/kg (the safe whole diet Hg concentration) = 1.01 x TL3conc

TL3conc = 0.195 / 1.01 = 0.193  (0.19)
TL4conc = 0.193 x 2.34 = 0.452 (0.45)

This means that, using the Board’s eagle diet proportions, together with the revised inter-trophic
mercury multipliers, concentrations of 0.19 ppm in adult Sacramento suckers and 0.45 ppm in
adult TL4 fish of the Cache watershed would be protective of bald eagles.  These levels are
similar to those corresponding to the National Criterion for the Protection of Human Health.

For the remaining federally-listed threatened species that can be found seasonally in the
watershed, peregrine falcon, the mercury-relevant diet equation is:

0.139 mg/kg (the safe whole diet Hg concentration) = (0.10 x OBconc) + (Omn. birds)
(0.05 x PBconc) (Pisc. birds)

Solving in terms of adult TL3 fish (Sacramento sucker) and using the ratios derived above:
0.139 mg/kg (the safe whole diet Hg concentration) = (0.10 x 0.50 x TL3conc) + (Omn. birds)

(0.05 x 1.17 x TL3conc) (Pisc. birds)

0.139 mg/kg (the safe whole diet Hg concentration) = (0.05 + 0.06) x TL3conc (all birds)

TL3conc = 0.139 / 0.11 = 1.26 ppm
TL4conc = 1.26 x  2.34  = 2.95 ppm

The concentrations found to be protective of people and bald eagles are well below these levels.
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Aqueous Concentration Calculations

In other portions of the TMDL and Staff Report documents, fish tissue-based target criterion
levels are converted into equivalent methylmercury concentrations in Cache Creek water.  There
are two alternative approaches to making this linkage.  The Board has taken an approach that
utilizes two independent sub-relationships: (1) that between aqueous methylmercury and small
fish or invertebrate methylmercury and (2) that between invertebrate or small fish
methylmercury and corresponding mercury levels in large fish.  These were the two major
relationships that UC Davis was tasked with investigating in the Cache Creek watershed in the
Calfed project.  The research was successful in identifying useful predictive relationships at each
of the two levels.  The Board has taken the two relationships and combined them into a single
relationship that is intended to span the entire ecological distance between water and large fish.
With this technique and additional considerations, the Board has derived aqueous methylmercury
concentrations intended to be equivalent to and predictive of corresponding mercury levels in the
edible tissues of large, angling-sized fish.  The resulting aqueous methylmercury concentration
targets presented were 0.06 and 0.07 ng MeHg per liter, corresponding to Alternatives 2 and 3.

A second approach has been developed by the UC Davis team that conducted the original
research.  This alternate approach was developed partly to test the validity of the 2-step
multiplier technique, recognizing that the combining of two separate relationships, each with its
own inherent variability and uncertainties, may exponentially lead to unacceptably large levels of
uncertainty in the resulting combined relationship.  The Cache watershed offered a novel
opportunity to conduct such a test, because of the range of aqueous methylmercury exposure
levels and corresponding fish mercury concentrations across the watershed.  In a “pooled data”
approach, the large fish from each independent site could be correlated with the mean annual
aqueous methylmercury concentration, which was carefully determined to be representative of
average conditions that the fish were exposed to.  The water collections for the project were in
fact conducted specifically at timings intended to be most representative of average seasonal
conditions, as opposed to unusual spike events etc.  Because of the substantial range of aqueous
and fish methylmercury levels among the different watershed sites, it was possible to generate a
direct relationship between mean annual aqueous methylmercury and large fish tissue mercury, a
direct alternative to a two-step mathematical estimation.  This was done for both large TL4 fish
and large Sacramento Suckers (TL3).  The results were very similar; the aqueous:sucker
relationship was most robust due to more data points.  It is presented below in Figure 1.

The relationship reproduced in Figure 1 is statistically highly significant.  It demonstrates a
direct correlation between average annual methylmercury concentrations in water and
corresponding levels in adult fish edible tissue.  It shows the actual existing relationship between
water and fish across the entire main stem of Cache Creek, including the North Fork.  In Figure
2, various potential TL3 fish tissue criterion levels are superimposed on the relationship to show
the aqueous methylmercury concentrations that directly correspond to those tissue levels.

It can be seen that the proposed Alternative 2 TL3 fish target concentration of  0.12 ppm
corresponds to app. 0.15 ng aqueous methylmercury per liter, as compared to the 0.06 ng/L level
predicted by the other approach.  The Alternative 3 TL3 fish target concentration of  0.15 ppm
corresponds to approximately 0.20 ng aqueous methylmercury per liter, as compared to
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Fig. 1.  Relationship between mean annual aqueous methylmercury concentrations
and corresponding tissue mercury concentrations in adult Sacramento
suckers in the Cache Creek watershed.  Including all main stem and North
Fork locations.  Sacramento sucker tissue mercury normalized to 290 mm
fish size for inter-site comparison.  From UC Davis CalFed research.

the 0.07 ng/L level presented.  The revised TL3 fish criterion target levels derived above in this
memo for the protection of human health and the health of federally listed wildlife correspond to
aqueous methylmercury concentrations ranging from 0.27 to 0.37 ng methylmercury per liter.

y = 598x + 28.7

r2 = 0.989

p < 0.001
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Fig. 2.  Relationship between mean annual aqueous methylmercury concentrations and
corresponding tissue mercury concentrations in adult Sacramento suckers in the
Cache Creek watershed, as before, with various potential TL3 fish mercury
criterion levels superimposed, together with corresponding aqueous
methylmercury concentrations.  Adapted from UC Davis CalFed research.

.

0.12 ppm (Bd. Alt. 2)

0.15 ppm (Board Alternative 3)

0.19 ppm (Revised Bald Eagle Criterion)

0.21 ppm (Nat. Criterion, 50% TL3, 50%TL4)

0.25 ppm (Nat. Criterion, national trophic keep averages)


